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Agenda

• What is interaction and why should we think about it in the context 
of information visualization?

• Review categories of visualization interactions

• (Briefly) discuss post-WIMP interaction with visualizations



Takeaways

• An understanding of different types of interactions supported by visualizations 
+ examples of analytic experiences interactions can afford

• Design considerations when working on visualization systems 

• Strategies and language for prompting ChatGPT/Claude and testing results

• An appreciation for (/interest in) visualization research



“The effectiveness of information visualization hinges on two things: its ability to 
clearly and accurately represent information and our ability to interact with it to 
figure out what the information means.”

S. Few

Now You See It, p. 55



Why interaction?



Why interaction?

• Representations can be dense



Why interaction?

• Static charts display a specific instance of the data or 
pre-determined perspectives



Why interaction?

• Static charts display a specific instance of the data or 
pre-determined perspectives

“A graphic is not “drawn” once and for all; it is “constructed” and 

reconstructed until it reveals all the relationships constituted by the 

interplay of the data. The best graphic operations are those carried 

out by the decision-maker [themselves].”

Jacques Bertin (1918 – 2010)

French cartographer



Why interaction?

• Analysis is a process

Pirolli and Card, 2005



What are the different "categories" or "types" of interactions in 
visualization tools?



Overview first, zoom & filter, then details on demand



• Highlighting and focus
• Accessing extra info – drill down and hyperlinks

• Overview and context – zooming and fisheyes
• Same representation, changing parameters
• Linking representations – temporal fusion



• Projection
• Filtering

• Zooming
• Distortion
• Linking and brushing



• Comparing
• Sorting
• Adding variables
• Filtering
• Highlighting
• Aggregating
• Re-expressing
• Re-visualizing
• Zooming and panning
• Re-scaling
• Accessing details on demand
• Annotating
• Bookmarking



(there are many more…)



Interaction seems like a difficult thing to pin down and characterize from a 

visualization design and system standpoint



Interaction seems like a difficult thing to pin down and characterize from a 

visualization design and system standpoint

…What if we go back to the user trying to solve problems and take a user-centered 

perspective on characterizing interaction? 





• Survey

• 59 papers

• Papers introducing new interaction systems

• Well-known papers in subareas of InfoVis

• 51 systems

• Commercial InfoVis Systems (Tableau, Spotfire, TableLens, InfoZoom, etc.)

• Collected 311 individual interaction techniques

• Affinity Diagramming to find themes



Select–mark something as interesting.
Abstract/Elaborate–show me more or less detail.
Explore–show me something else.
Connect–show me related items.
Reconfigure–show me a different arrangement.
Filter–show me something conditionally.
Encode–show me a different representation.



Select (“Mark something as interesting”)

Typically supported through hover/click/lasso

Often a precursor interaction



Select (“Mark something as interesting”)

https://vega.github.io/editor/?utm_source=chatgpt.com#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAEySYUqUAwBOgtBmx5CBKMtlSIyuMOLbKsuJgKycCXhX6r1ERxAACxACMlABMAJyUAAwEXkgmSNoQFnIgAL5KOAlICBBoANqgstlw+j6CcFCYcMqKIGUVmGigmACeOCXoOGw0so1KmGxkZOVoAGZIgj6pqQC6SsjaANZNIK3t+lA02lAjShA0AF4dAByR6SBwslBsyj1kKwAeK6M01jXoABJsiXBdAO5wbS1NYdEAARwYSF6dDUNFIaSULWer0E7xAAFkaOUIAB9draHEAcQmghS-TaoIhUMwMJp8PO11JQM0IGusluNJSLMy2mypWsDWqtReb30AHltDRaPJyet0LI2AgehMESBiBMGKDhGQsGReUjzmxMptWis2Rz2PJuVkEPzypUhUp1YJNWhAudna7UJFKABmACs5wGbEENJw+VAItR+gAcsVgRT9AqlUU9OlIyi0V8fv9AQm5eDIdD1HSSumQFG0ZjsXjAUSSWTVon0FTi7D6QoM6L0BKpT186Dk8q0zNpkA
https://vega.github.io/editor/?utm_source=chatgpt.com#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAEySYUqUAwBOgtBmx5CBKMtlSIyuMOLbKsuJgKycCXhX6r1ERxAACxACMlABMAJyUAAwEXkgmSNoQFnIgAL5KmNpIshAAZmzaCGgA2qBIZGTafJhwJaBsOPpQbAyymIogSBBNLW1pALpKlS04TACeJSAA8to0tPJKAMJjwrJWiSD9qYMgOAlICN2opSCyB7XoPoJwUDXKHVc37ZogmGM4F7tsNH1KuTTWZRHYrTWbzDrLVbrbo7TBsCrXNC5JCCHypbZKZDaADW+iYCQ6cFkzWUPzIaFAAA8KSB-oD9DM5j8Om8PvpZGwED8USy6Ij0IzwekQBMXnTBPd0M1Wu0Mu9PgBHBjZTB0NQ0Ui8zD8kAAOQYCCYcG0AAI2LkTYsEt1hc1BAUaeLJSBIT9oSz5ezOdy9Bk+Z9XWtjTalA0kFA6KLQM01nR2PIXnsskVLtYnnB7kpiCiGBdAsLs4Jc2hIqFhXC2IJVY1jqAnQywcy5Wz0ByuWc9Ok6wCJfpA+7m582z60gpu-Spb1Za9PeglSq1arNX7tQHrQN0UA


Select (“Mark something as interesting”)

Extensional selections:

Items are selected by enumeration

https://vega.github.io/editor/?utm_source=chatgpt.com#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAEySYUqUAwBOgtBmx5CBKMtlSIyuMOLbKsuJgKycCXhX6r1ERxAACxACMlABMAJyUAAwEXkgmSNoQFnIgAL5KOAlICBBoANqgstlw+j6CcFCYcMqKIGUVmGigmACeOCXoOGw0so1KmGxkZOVoAGZIgj6pqQC6SsjaANZNIK3t+lA02lAjShA0AF4dAByR6SBwslBsyj1kKwAeK6M01jXoABJsiXBdAO5wbS1NYdEAARwYSF6dDUNFIaSULWer0E7xAAFkaOUIAB9draHEAcQmghS-TaoIhUMwMJp8PO11JQM0IGusluNJSLMy2mypWsDWqtReb30AHltDRaPJyet0LI2AgehMESBiBMGKDhGQsGReUjzmxMptWis2Rz2PJuVkEPzypUhUp1YJNWhAudna7UJFKABmACs5wGbEENJw+VAItR+gAcsVgRT9AqlUU9OlIyi0V8fv9AQm5eDIdD1HSSumQFG0ZjsXjAUSSWTVon0FTi7D6QoM6L0BKpT186Dk8q0zNpkA
https://vega.github.io/editor/?utm_source=chatgpt.com#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAEySYUqUAwBOgtBmx5CBKMtlSIyuMOLbKsuJgKycCXhX6r1ERxAACxACMlABMAJyUAAwEXkgmSNoQFnIgAL5KmNpIshAAZmzaCGgA2qBIZGTafJhwJaBsOPpQbAyymIogSBBNLW1pALpKlS04TACeJSAA8to0tPJKAMJjwrJWiSD9qYMgOAlICN2opSCyB7XoPoJwUDXKHVc37ZogmGM4F7tsNH1KuTTWZRHYrTWbzDrLVbrbo7TBsCrXNC5JCCHypbZKZDaADW+iYCQ6cFkzWUPzIaFAAA8KSB-oD9DM5j8Om8PvpZGwED8USy6Ij0IzwekQBMXnTBPd0M1Wu0Mu9PgBHBjZTB0NQ0Ui8zD8kAAOQYCCYcG0AAI2LkTYsEt1hc1BAUaeLJSBIT9oSz5ezOdy9Bk+Z9XWtjTalA0kFA6KLQM01nR2PIXnsskVLtYnnB7kpiCiGBdAsLs4Jc2hIqFhXC2IJVY1jqAnQywcy5Wz0ByuWc9Ok6wCJfpA+7m582z60gpu-Spb1Za9PeglSq1arNX7tQHrQN0UA


Select (“Mark something as interesting”)

Intensional selections:

Items are selected by common 
properties

https://vega.github.io/editor/?utm_source=chatgpt.com#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAEySYUqUAwBOgtBmx5CBKMtlSIyuMOLbKsuJgKycCXhX6r1ERxAACxACMlABMAJyUAAwEXkgmSNoQFnIgAL5KmNpIshAAZmzaCGgA2qBIZGTafJhwJaBsOPpQbAyymIogSBBNLW1pALpKlS04TACeJSAA8to0tPJKAMJjwrJWiSD9qYMgOAlICN2opSCyB7XoPoJwUDXKHVc37ZogmGM4F7tsNH1KuTTWZRHYogZardbdHaYNgVa5oXJIQQ+dIgJg-e7oa5kOBrAZKZDaADW+iYCQ6OOayh+ZDQoAAHrSQP9AfoZnMfh03h99LI2AgfojOXQ4eg2fM0koJi9mYIMSBmq12hl3p8AI4MbKYOhqGikIWYEUgAByDAQTDg2gABGxcpbFgluijmoICoyZXKweiLd1ldz0Lz+Wc9BlhZ9PWtvRKQA0kFA6FLQM01nR2PIXnsskVLtYnnB7kpiIiGBdAijC4Ji2hIqEUdC2IItY1jqB3azZuLfZ8AwK9OkWwDZfpwxDOSqeXyexL+yz0Arfq8x+h1ZrtVq9SGDWGHQNUqkgA
https://vega.github.io/editor/#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAEySYUqUAwBOgtBmx5CBKMtlSIyuMOLbKsuJgKycCXhX6r1ERxAACxACMlABMAJyUAAwEXkgmSNoQFnIgAL5KOAlICBBoANqgstlw+j6CcFCYcMqKIGUVmGigmACeOCXoOGw0so1KAGY01sq5qHkgAPLaNLTyALpKmGxkZOVo-UiCPukgTD016OVkcLI1qQsgyNoA1k0gre36UDTaUGtKEDQAXh0AHJE7E5QNjKHpkO4ADzug2G+gAEmxEnAugB3ODaWoPDogACODCQvToahopDSSha0KGggOIAAsjRyhAAPrtbRMgDim0EKUWbWxeIJmCJQtJO2B3IxmhAMOp+imMx6mL5+lkbAQPU2tSOJwOzToa3Q8tmaR2bEyz1ad2Bpzo7HkUsy2mypWsDWqtWImwYHUCO09gm9aEilF9izYbEEQpw+VAMppADlikrHuhVeqinp0rGqTSEUjUejk-z8YT1CKSlnpTn9PTGSz0RyuTz7sr0ALS8TRQps7DDdNjbyUyA0xrM3NUqkgA


Generalized Selection via Interactive Query Relaxation

Heer et. al, 2008

https://vimeo.com/19278343


Abstract/elaborate (“Show me more or less detail”)

• Changing level of detail or abstraction



Abstract/elaborate (“Show me more or less detail”)

How to Create a Treemap Chart Visualization in Reveal

https://www.revealbi.io/blog/how-to-create-a-treemap


Abstract/elaborate (“Show me more or less detail”)

How to Create a Treemap Chart Visualization in Reveal

https://www.revealbi.io/blog/how-to-create-a-treemap
https://vega.github.io/vega-lite/examples/interactive_overview_detail.html


Explore (“Show me something else”)

Enable users to examine a different subset of data

Overcome the limitation of display size



Explore (“Show me something else”)

https://vega.github.io/vega-lite/examples/selection_translate_scatterplot_drag.html


Explore (“Show me something else”)

Livecoding #34: A Map of Global Migrations, Part 3 | Swizec Teller

https://vega.github.io/vega-lite/examples/selection_translate_scatterplot_drag.html
https://swizec.com/blog/livecoding-34-a-map-of-global-migrations-part-3/


Explore (“Show me something else”)

Livecoding #34: A Map of Global Migrations, Part 3 | Swizec Teller

https://www.visualthesaurus.com/
https://vega.github.io/vega-lite/examples/selection_translate_scatterplot_drag.html
https://swizec.com/blog/livecoding-34-a-map-of-global-migrations-part-3/


Connect (“Show me related items”)

Highlight associations and relationships

Show hidden data items that are relevant to a specified  item



Connect (“Show me related items”)

(link by tuple)

https://observablehq.com/@d3/brushable-scatterplot-matrix


Connect (“Show me related items”)

(link by tuple)

(link by query)

https://vega.github.io/vega-lite/examples/interactive_layered_crossfilter.html
https://observablehq.com/@d3/brushable-scatterplot-matrix


Connect (“Show me related items”)

https://vega.github.io/vega-lite/examples/interactive_layered_crossfilter.html
https://archive.nytimes.com/www.nytimes.com/interactive/2012/11/30/us/tax-burden.html
https://observablehq.com/@d3/brushable-scatterplot-matrix


Connect (“Show me related items”)

https://observablehq.com/@d3/collapsible-tree


Reconfigure (“Show me a different arrangement”)

Provide different perspectives by changing the spatial arrangement 
of representation



Reconfigure (“Show me a different arrangement”)

https://www.automateexcel.com/how-to/sort-data/


Reconfigure (“Show me a different arrangement”)

https://www.automateexcel.com/how-to/sort-data/
https://codeburst.io/lets-build-dnd-column-reordering-in-an-html-table-w-react-hooks-eef7d9da5a07


reconfigure-matrixSort.gif

Reconfigure (“Show me a different arrangement”)

https://www.automateexcel.com/how-to/sort-data/
https://codeburst.io/lets-build-dnd-column-reordering-in-an-html-table-w-react-hooks-eef7d9da5a07
https://bost.ocks.org/mike/miserables/


reconfigure-matrixSort.gif

reconfigure-indexChart.gif

Reconfigure (“Show me a different arrangement”)

https://www.automateexcel.com/how-to/sort-data/
https://codeburst.io/lets-build-dnd-column-reordering-in-an-html-table-w-react-hooks-eef7d9da5a07
https://bost.ocks.org/mike/miserables/
https://vega.github.io/vega-lite/examples/interactive_index_chart.html


Filter (“Show me something conditionally”)

Changing the set of data cases being displayed. Useful for targeted 
analysis or even limiting data for performance (e.g., rendering)

Probably the most common interaction you will run into when designing data 
systems.



Filter (“Show me something conditionally”)

filter-widgets.gif

https://vega.github.io/vega-lite/examples/interactive_query_widgets.html


Filter (“Show me something conditionally”)

filter-widgets.gif filter-NameGrapher.gif

https://vega.github.io/vega-lite/examples/interactive_query_widgets.html
https://namerology.com/baby-name-grapher/


Filter (“Show me something conditionally”)

filter-qetch.gif

https://github.com/huda-lab/qetch


Filter (“Show me something conditionally”)

Screenshot 2026-09-06 at 10.45.06 AM.png

https://vega.github.io/vega-lite/examples/interactive_query_widgets.html


Screenshot 2026-09-06 at 10.45.06 AM.png

Scented Widgets: Improving Navigation Cues with Embedded Visualizations
Willet et. al, 2007

Filter (“Show me something conditionally”)

https://vega.github.io/vega-lite/examples/interactive_query_widgets.html


Olio: A Semantic Search Interface for Data Repositories
Setlur et. al, 2023

Filter (“Show me something conditionally”)



Encode (“Show me a different visual representation”)

Use visual mappings to saliently identify/highlight specific types of 
patterns



Screenshot 2026-09-06 at 12.28.24 PM.png

Encode (“Show me a different visual representation”)

https://vega.github.io/editor/#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAdxoATemhBQ5mJDVlwATooxwaZLFp2y9B46bVI9aUAyOCtTvQShIjEFIy8gC+SshGANZaTP6mcLI6agZkriAAHmkAZjRwgmpaAMIAnsKyasYQIGEgxWlIZGRGfJhw1mwMtqaYdIJt6AByDAhMxgAEbFljhf5VNTqCbCaooDl5BegA8kYWBtUhIUA


Screenshot 2026-09-06 at 12.28.24 PM.png Screenshot 2026-09-06 at 12.29.17 PM.png

Encode (“Show me a different visual representation”)

https://vega.github.io/editor/#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAdxoATemhBQ5mJDVlwATooxwaZLFp2y9B46bVI9aUAyOCtTvQShIjEFIy8gC+SshGANZaTP6mcLI6agZkriAAHmkAZjRwgmpaAMIAnsKyasYQIGEgxWlIZGRGfJhw1mwMtqaYdIJt6AByDAhMxgAEbFljhf5VNTqCbCaooDl5BegA8kYWBtUhIUA
https://vega.github.io/editor/#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAdxoATemhBQ5mJDVlwATooxwaZLFp2y9B46bVI9aUAyOCtTvQShIjEFIy8gC+SshGANZaTP6mcLI6agZkriAAHmkAZjRwgmpaAMIAnsKyasYQIGEgxWlIZGRGfJhw1mwMtqaYdIJt6AByDAhMxgAEbFljhf5VNekA8llZEHCY2bn5WgtGFgbVSjqCbCaooDl5Beg7e6EhIUA


Screenshot 2026-09-06 at 12.22.37 PM.png

Encode (“Show me a different visual representation”)

https://vega.github.io/editor/#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAdxoATemjEAGbUvg0yWNABYArHpBqkmFKlAMAToLQZseQgUdJl1OoyYGCDhHKDlMOFlMSjCEAjU2BDZHOgAvAmQ8LzgAMwgCeCQ1fOQICMd4myQCGhSIKRl5AF8lZEcAazRQTABPHDhXHDYaKMUQHJpBQTg1NExHBjglNhwkKDoetG1KAHYzFpBIsLURsi6QAA9zibhBWfRg1cEAGUiyTSVe-tcARwYkKJ0Gw0UhjTB0aauADKcCeAAJXrJ3jAxtAkJD7CAoIIkAgcHMFksrIkkCM0ABtEwKMQAXSaB02mJud1cj3RAHV1B8QF8Bug-gDwbZwaDPhC+SAYfDORoUUo0RjQNjcfjUPNFkoEsgyahyQBGShmBRmOkHCA0VJ80DM+4gfq2F5vbm837-QHCkEDMWYDEgAAKcAdCKdcpACqtIG8SL55Isxt0pqUYUEyWuNFutvtHK5oZd-LdQuBop54tcAaDMu54fOXEQEuItXUNAgIHp8pgSG+TPTLIe-XWcBbnz6EtkiRG6LBpfQUP76ZbB0wbDYgnBqvJ1p7trZjqRzpHrsFQJFXpLPolUvRwb3KJam4zrNh2dlYIP+aPHuLQt9l8EcMrt4KPevZ2oG6KIsir5diAArukWp7fhK5ZXhBmh3uMW6DGBggAVBEqwYWJ5TueZbYf+OatkBGEPn2cADkOPJviAY4IBOLjej+c6Dq2ppAA


Screenshot 2026-09-06 at 12.22.37 PM.png Screenshot 2026-09-06 at 12.40.14 PM.png

Encode (“Show me a different visual representation”)

https://vega.github.io/editor/#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAdxoATemjEAGbUvg0yWNABYArHpBqkmFKlAMAToLQZseQgUdJl1OoyYGCDhHKDlMOFlMSjCEAjU2BDZHOgAvAmQ8LzgAMwgCeCQ1fOQICMd4myQCGhSIKRl5AF8lZEcAazRQTABPHDhXHDYaKMUQHJpBQTg1NExHBjglNhwkKDoetG1KAHYzFpBIsLURsi6QAA9zibhBWfRg1cEAGUiyTSVe-tcARwYkKJ0Gw0UhjTB0aauADKcCeAAJXrJ3jAxtAkJD7CAoIIkAgcHMFksrIkkCM0ABtEwKMQAXSaB02mJud1cj3RAHV1B8QF8Bug-gDwbZwaDPhC+SAYfDORoUUo0RjQNjcfjUPNFkoEsgyahyQBGShmBRmOkHCA0VJ80DM+4gfq2F5vbm837-QHCkEDMWYDEgAAKcAdCKdcpACqtIG8SL55Isxt0pqUYUEyWuNFutvtHK5oZd-LdQuBop54tcAaDMu54fOXEQEuItXUNAgIHp8pgSG+TPTLIe-XWcBbnz6EtkiRG6LBpfQUP76ZbB0wbDYgnBqvJ1p7trZjqRzpHrsFQJFXpLPolUvRwb3KJam4zrNh2dlYIP+aPHuLQt9l8EcMrt4KPevZ2oG6KIsir5diAArukWp7fhK5ZXhBmh3uMW6DGBggAVBEqwYWJ5TueZbYf+OatkBGEPn2cADkOPJviAY4IBOLjej+c6Dq2ppAA
https://vega.github.io/editor/#/url/vega/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykSAbJQBWENgDsQAGhAB3GgBN6aAOwAGNTPg0yWNABYNMnEgUKa4smgCsMhUkwpUAbVDikCOGhA0ATjQhpEAZfABtvLFx8Il8kWWo6RiYGCDhfKAlMOHFMSgyEAgU2BDZ-TAAvAmQ8Al84ADMIAnhTJuQILN9Ch34-AJExSRl60uRMNFBMAE8cL3RRCRAAXyWpNw85kHqaOFCFQJliJFCGOECXEFnHUIAZbLJlYzhrgHVFR5BUk1v7j6-jt5KGAgAC6SxBMmgxzOaFcIHcnm8EFmUB2EDuZGyCiC01m3lK5nc4TsxSQFlhn2ebAgKEOaQgNAyoVKQWIflo4kZKAhIFiljmzhAAGIAIz1FQqJj6IJC+ri+pqLwyIUAJigSDUatBq3WiPQBJxM02ODYFnGMj5mO88iBQV8bAY4mxqEwvlOJOQ5NQoHsjm8212+yCAb23l9KBWa3hGyRcG+d0sH1xm1CFjgSF8dqQ-IicB0ehk5TSbDQ9WOqRknKgc1d7pARU9km99Z63j6By2O1D6H+P0TwMjus2vcBSaN3lT4nTmYt2at6G0unNICL9tL5bglcZNbdm-rpK9Ptb6Hbwa7zsp31HA510b1l2exwTD2BMmTE7TGazOYXeaXQVXEtUDLUIK3hbc0FrPcGzJJsjz9E9-A7EMLyuJ9fhvKMEWNR9QmvQ08XQSdp2-ecMD-AsV2LddQL3KsdzrGDDxbBCfCQs9A28NC8PeG8eVCcgsXOOEOntABrYcUTRDEsRxOgBO8ABlKSYRkUodhybx-H-cEZCQAAPGEXFAdTsnGIiGmXcoLAUOB9LQEVIXVBSezjdD+zkzAXJARS3NCAACZ8PjYOVUnM0AoW8g1DmOU5Y3jDCggQBhQnMgBaEVBxAUzNIs+orJsuyHKc6F4oBXjPO83zvn8-C1NC54Jk+ZzNmikAjhOYc-LqkBktStAMqynLzJAAT8oAwr7NQRzmtK9BuKC18QEweTNgABVwwLEvqxpGubSLWt8bEYs6rjcMWpKUvSzLb2GidLImp0iumkrvO4nqVq89bNp6kLdvC2aoqO1lYpw14KpkPrrpWHlkF8MThMmcd0DIe0GBwYN7QQJrwzbdjVl6jMEdhJHCNGtNMeKHHj07QNAgJ7IMlspqzLSJqpoilr8WB4ZzzDVsCamJqDupzAGGx9BcYJlCmpMOpcvg8X+b9FYCdEtgJOFnQiS4jMzMoZE4FRM5-IAXnN-yAHIwupJBLf8gB+K3RXFSV9Ht1B-Ll-XDeNiAzYty3SF8BkmVKe2nct2V5UVD3nbVDU1Ut5ZIVdDW4Hw5sOri6bKBVNW04kgB5ExUWmJrs7mNRKAAZmsVXwUboA
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Encode (“Show me a different visual representation”)

https://vega.github.io/editor/#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAdxoATemjEAGbUvg0yWNABYArHpBqkmFKlAMAToLQZseQgUdJl1OoyYGCDhHKDlMOFlMSjCEAjU2BDZHOgAvAmQ8LzgAMwgCeCQ1fOQICMd4myQCGhSIKRl5AF8lZEcAazRQTABPHDhXHDYaKMUQHJpBQTg1NExHBjglNhwkKDoetG1KAHYzFpBIsLURsi6QAA9zibhBWfRg1cEAGUiyTSVe-tcARwYkKJ0Gw0UhjTB0aauADKcCeAAJXrJ3jAxtAkJD7CAoIIkAgcHMFksrIkkCM0ABtEwKMQAXSaB02mJud1cj3RAHV1B8QF8Bug-gDwbZwaDPhC+SAYfDORoUUo0RjQNjcfjUPNFkoEsgyahyQBGShmBRmOkHCA0VJ80DM+4gfq2F5vbm837-QHCkEDMWYDEgAAKcAdCKdcpACqtIG8SL55Isxt0pqUYUEyWuNFutvtHK5oZd-LdQuBop54tcAaDMu54fOXEQEuItXUNAgIHp8pgSG+TPTLIe-XWcBbnz6EtkiRG6LBpfQUP76ZbB0wbDYgnBqvJ1p7trZjqRzpHrsFQJFXpLPolUvRwb3KJam4zrNh2dlYIP+aPHuLQt9l8EcMrt4KPevZ2oG6KIsir5diAArukWp7fhK5ZXhBmh3uMW6DGBggAVBEqwYWJ5TueZbYf+OatkBGEPn2cADkOPJviAY4IBOLjej+c6Dq2ppAA
https://vega.github.io/editor/#/url/vega/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykSAbJQBWENgDsQAGhAB3GgBN6aAOwAGNTPg0yWNABYNMnEgUKa4smgCsMhUkwpUAbVDikCOGhA0ATjQhpEAZfABtvLFx8Il8kWWo6RiYGCDhfKAlMOHFMSgyEAgU2BDZ-TAAvAmQ8Al84ADMIAnhTJuQILN9Ch34-AJExSRl60uRMNFBMAE8cL3RRCRAAXyWpNw85kHqaOFCFQJliJFCGOECXEFnHUIAZbLJlYzhrgHVFR5BUk1v7j6-jt5KGAgAC6SxBMmgxzOaFcIHcnm8EFmUB2EDuZGyCiC01m3lK5nc4TsxSQFlhn2ebAgKEOaQgNAyoVKQWIflo4kZKAhIFiljmzhAAGIAIz1FQqJj6IJC+ri+pqLwyIUAJigSDUatBq3WiPQBJxM02ODYFnGMj5mO88iBQV8bAY4mxqEwvlOJOQ5NQoHsjm8212+yCAb23l9KBWa3hGyRcG+d0sH1xm1CFjgSF8dqQ-IicB0ehk5TSbDQ9WOqRknKgc1d7pARU9km99Z63j6By2O1D6H+P0TwMjus2vcBSaN3lT4nTmYt2at6G0unNICL9tL5bglcZNbdm-rpK9Ptb6Hbwa7zsp31HA510b1l2exwTD2BMmTE7TGazOYXeaXQVXEtUDLUIK3hbc0FrPcGzJJsjz9E9-A7EMLyuJ9fhvKMEWNR9QmvQ08XQSdp2-ecMD-AsV2LddQL3KsdzrGDDxbBCfCQs9A28NC8PeG8eVCcgsXOOEOntABrYcUTRDEsRxOgBO8ABlKSYRkUodhybx-H-cEZCQAAPGEXFAdTsnGIiGmXcoLAUOB9LQEVIXVBSezjdD+zkzAXJARS3NCAACZ8PjYOVUnM0AoW8g1DmOU5Y3jDCggQBhQnMgBaEVBxAUzNIs+orJsuyHKc6F4oBXjPO83zvn8-C1NC54Jk+ZzNmikAjhOYc-LqkBktStAMqynLzJAAT8oAwr7NQRzmtK9BuKC18QEweTNgABVwwLEvqxpGubSLWt8bEYs6rjcMWpKUvSzLb2GidLImp0iumkrvO4nqVq89bNp6kLdvC2aoqO1lYpw14KpkPrrpWHlkF8MThMmcd0DIe0GBwYN7QQJrwzbdjVl6jMEdhJHCNGtNMeKHHj07QNAgJ7IMlspqzLSJqpoilr8WB4ZzzDVsCamJqDupzAGGx9BcYJlCmpMOpcvg8X+b9FYCdEtgJOFnQiS4jMzMoZE4FRM5-IAXnN-yAHIwupJBLf8gB+K3RXFSV9Ht1B-Ll-XDeNiAzYty3SF8BkmVKe2nct2V5UVD3nbVDU1Ut5ZIVdDW4Hw5sOri6bKBVNW04kgB5ExUWmJrs7mNRKAAZmsVXwUboA
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Encode (“Show me a different visual representation”)
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https://vega.github.io/editor/#/url/vega/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykSAbJQBWENgDsQAGhAB3GgBN6aAOwAGNTPg0yWNABYNMnEgUKa4smgCsMhUkwpUAbVDikCOGhA0ATjQhpEAZfABtvLFx8Il8kWWo6RiYGCDhfKAlMOHFMSgyEAgU2BDZ-TAAvAmQ8Al84ADMIAnhTJuQILN9Ch34-AJExSRl60uRMNFBMAE8cL3RRCRAAXyWpNw85kHqaOFCFQJliJFCGOECXEFnHUIAZbLJlYzhrgHVFR5BUk1v7j6-jt5KGAgAC6SxBMmgxzOaFcIHcnm8EFmUB2EDuZGyCiC01m3lK5nc4TsxSQFlhn2ebAgKEOaQgNAyoVKQWIflo4kZKAhIFiljmzhAAGIAIz1FQqJj6IJC+ri+pqLwyIUAJigSDUatBq3WiPQBJxM02ODYFnGMj5mO88iBQV8bAY4mxqEwvlOJOQ5NQoHsjm8212+yCAb23l9KBWa3hGyRcG+d0sH1xm1CFjgSF8dqQ-IicB0ehk5TSbDQ9WOqRknKgc1d7pARU9km99Z63j6By2O1D6H+P0TwMjus2vcBSaN3lT4nTmYt2at6G0unNICL9tL5bglcZNbdm-rpK9Ptb6Hbwa7zsp31HA510b1l2exwTD2BMmTE7TGazOYXeaXQVXEtUDLUIK3hbc0FrPcGzJJsjz9E9-A7EMLyuJ9fhvKMEWNR9QmvQ08XQSdp2-ecMD-AsV2LddQL3KsdzrGDDxbBCfCQs9A28NC8PeG8eVCcgsXOOEOntABrYcUTRDEsRxOgBO8ABlKSYRkUodhybx-H-cEZCQAAPGEXFAdTsnGIiGmXcoLAUOB9LQEVIXVBSezjdD+zkzAXJARS3NCAACZ8PjYOVUnM0AoW8g1DmOU5Y3jDCggQBhQnMgBaEVBxAUzNIs+orJsuyHKc6F4oBXjPO83zvn8-C1NC54Jk+ZzNmikAjhOYc-LqkBktStAMqynLzJAAT8oAwr7NQRzmtK9BuKC18QEweTNgABVwwLEvqxpGubSLWt8bEYs6rjcMWpKUvSzLb2GidLImp0iumkrvO4nqVq89bNp6kLdvC2aoqO1lYpw14KpkPrrpWHlkF8MThMmcd0DIe0GBwYN7QQJrwzbdjVl6jMEdhJHCNGtNMeKHHj07QNAgJ7IMlspqzLSJqpoilr8WB4ZzzDVsCamJqDupzAGGx9BcYJlCmpMOpcvg8X+b9FYCdEtgJOFnQiS4jMzMoZE4FRM5-IAXnN-yAHIwupJBLf8gB+K3RXFSV9Ht1B-Ll-XDeNiAzYty3SF8BkmVKe2nct2V5UVD3nbVDU1Ut5ZIVdDW4Hw5sOri6bKBVNW04kgB5ExUWmJrs7mNRKAAZmsVXwUboA
https://vega.github.io/editor/#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAdxoATemhBQ5mJDVlwATooxwaZLFp2y9B46bVI9aUAyOCtTvQShIjEFIy8gC+SshGANZaTP6mcLI6agZkriAAHmkAZjRwgmpaAMIAnsKyasYQIGEgxWlIZGRGfJhw1mwMtqaYdIJt6AByDAhMxgAEbFljhf5VNTqCbCaooDl5BegA8kYWBtUhIUA
https://vega.github.io/editor/#/url/vega-lite/N4IgJAzgxgFgpgWwIYgFwhgF0wBwqgegIDc4BzJAOjIEtMYBXAI0poHsDp5kTykBaADZ04JAGyUAVhDYA7EABoQAdxoATemhBQ5mJDVlwATooxwaZLFp2y9B46bVI9aUAyOCtTvQShIjEFIy8gC+SshGANZaTP6mcLI6agZkriAAHmkAZjRwgmpaAMIAnsKyasYQIGEgxWlIZGRGfJhw1mwMtqaYdIJt6AByDAhMxgAEbFljhf5VNekA8llZEHCY2bn5WgtGFgbVSjqCbCaooDl5Beg7e6EhIUA
https://www.tableau.com/2025-3-features


Select–mark something as interesting.
Abstract/Elaborate–show me more or less detail.
Explore–show me something else.
Connect–show me related items.
Reconfigure–show me a different arrangement.
Filter–show me something conditionally.
Encode–show me a different representation.



Experiences that can be afforded through 
interaction
• LineUp
• Dust & Magnets
• …

https://www.youtube.com/watch?v=iFqCBI4T8ks
https://www.youtube.com/watch?v=iFqCBI4T8ks
https://youtu.be/r-8ZkXZJVJw?t=28
https://youtu.be/r-8ZkXZJVJw?t=28


TLDR: Direct Manipulation + Dynamic Querying

If I had to call out one “interaction paradigm” that you should think 
about while designing interfaces containing visualizations



Hutchins et al., 1985

TLDR: Direct Manipulation + Dynamic Querying



• Sort icon directly on legend with 
immediate feedback

• Marks are always visible

TLDR: Direct Manipulation + Dynamic Querying



Dynamic queries for information exploration: An implementation and evaluation
Ahlberg et al., 1992

TLDR: Direct Manipulation + Dynamic Querying



TLDR: Direct Manipulation + Dynamic Querying

https://www.youtube.com/watch?v=RZzNjs8e1Ys


https://www.databricks.com/blog/whats-new-aibi-february-2026-roundup?utm_source=linkedin&utm_medium=organic-social
https://www.ridgedata.ai/blog/breakthrough-interactivity-in-the-ridge-ai-data-agent


Users can select marks to see details and  
specify a filter. Charts across the 
dashboard are connected to support cross-
filtering. Level of detail on charts like Pivot 
tables can be adjusted to 
abstract/elaborate data.

https://www.databricks.com/blog/whats-new-aibi-february-2026-roundup?utm_source=linkedin&utm_medium=organic-social


Now that we have chat/language input, can’t people just ask/say 
what they want?



“Switch color from orange to purple”/ 
“Color PG purple”

“Just show PG-13 movies”

“Show profitable PG-13 movies that were 
made with a budget of under 100M”

Maybe not? Or perhaps some combination of NL with an 
interactive widget (e.g., for budget and content rating)



“Switch color from orange to purple”/ 
“Color PG purple”

“Just show PG-13 movies”

“Show profitable PG-13 movies that were 
made with a budget of under 100M”

Maybe not? Or perhaps some combination of NL with an 
interactive widget (e.g., for budget and content rating)

Almost never a single answer

• Who is the target user? What is their expertise level?

• What are the core tasks? How frequently are these performed?

• Are there latency, computation, or device constraints?

Point is to ask these questions, consider examples you’ve seen 
today and design/argue for the right choice.



Post-WIMP

A whole topic of its own. Goal here is to introduce the idea and 
share resources to spike interest.



Post-WIMP

A whole topic of its own. Goal here is to introduce the idea and 
share resources to spike interest.







Post-WIMP
Touch:

• Tablets:
• Scatterplots
• MCV
• Kinetica
• VisTiles

• Tabletops/large 
displays:
• Cambiera
• VisWall
• David + Goliath

Multi-modal:
• DataInk
• InChorus
• Orko
• Data@Hand
• DataBreeze

AR/VR:
• ImAxes
• Augmented Chironomia

Dynamic Physicalization:
• Zooids

https://sites.cc.gatech.edu/gvu/ii/touch/avi14-touch.mp4
https://sites.cc.gatech.edu/gvu/ii/touch/avi14-touch.mp4
https://sites.cc.gatech.edu/gvu/ii/touch/eurovis16-mcv.mp4
https://sites.cc.gatech.edu/gvu/ii/touch/eurovis16-mcv.mp4
https://www.youtube.com/watch?v=7OYcGiKrmEg
https://www.youtube.com/watch?v=7OYcGiKrmEg
https://www.youtube.com/watch?v=8MxPAMKmkSM
https://www.youtube.com/watch?v=8MxPAMKmkSM
https://www.microsoft.com/en-us/research/publication/co-located-collaborative-visual-analytics-around-tabletop-display/
https://www.microsoft.com/en-us/research/publication/co-located-collaborative-visual-analytics-around-tabletop-display/
https://drive.google.com/file/d/1LswsKOz-9qlZ_2UZwK2Vqyq4IH699br-/view
https://drive.google.com/file/d/1LswsKOz-9qlZ_2UZwK2Vqyq4IH699br-/view
https://www.youtube.com/watch?v=q5P16kFs-nA
https://www.youtube.com/watch?v=q5P16kFs-nA
https://www.youtube.com/watch?v=xlVZKGClcC0
https://www.youtube.com/watch?v=xlVZKGClcC0
https://www.youtube.com/watch?v=cy0VSmUP_98
https://www.youtube.com/watch?v=cy0VSmUP_98
https://drive.google.com/file/d/0B6tNBOiQ2wIld1dCOU8wODI3WDg/view?resourcekey=0-4ipMoG6R6XookEfbPiCcpA
https://drive.google.com/file/d/0B6tNBOiQ2wIld1dCOU8wODI3WDg/view?resourcekey=0-4ipMoG6R6XookEfbPiCcpA
https://www.youtube.com/watch?v=ct2s29n-mJM
https://www.youtube.com/watch?v=ct2s29n-mJM
https://drive.google.com/file/d/13sNoko_HEzM1Xn3pdekUXmdgKjkox51C/view
https://drive.google.com/file/d/13sNoko_HEzM1Xn3pdekUXmdgKjkox51C/view
https://www.youtube.com/watch?v=hxqJJ934Reg
https://www.youtube.com/watch?v=hxqJJ934Reg
https://vimeo.com/737703966
https://vimeo.com/737703966
https://vimeo.com/737703966
https://www.youtube.com/watch?v=2GmWR617YeI
https://www.youtube.com/watch?v=2GmWR617YeI


Recap + Takeaways

• Interaction can help users specify and accomplish their intent---
invest time in understanding what users are trying to do and how 
your system can best support that.

• Think about directness and fluidity of the user experience when 
designing interactions in data and visualization systems.

• The intent-focused interaction categories can be useful for testing 
and prompting during AI-assisted system development (more on 
this in the next session)



Acknowledgements

• John Stasko, Alex Endert, Cindy Xiong, and Songwen Hu. Georgia Tech
• Arvind Satyanarayan. Massachusetts Institute of Technology
• Emily Wall. Emory University



Thank you

• Email: arjun.srinivasan.10@gmail.com
• AMA chats (“office hours”): bit.ly/arjunsrinivasan-office-hours

Website: https://arjun010.github.io/ 
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